The contention that haemopoietic stem cells may have a limited replicative potential is supported by the observation of accelerated telomere shortening in recipients of allogeneic bone marrow transplants, 1 reflecting replicative stress imposed on stem cells during bone marrow reconstitution. With accumulation of more data regarding accelerated telomere loss after allogeneic BMT, however, the approximately 1-2 kb loss of telomeric DNA is limited to the first year and is not believed to have severe adverse consequences on haemopoiesis after BMT. 2 It remains to be seen, however, whether changes in telomere length are identical in different blood cell lineages after BMT. Moreover, correlation between short telomeres and a less favourable outcome may be found in recipients who develop GVHD or viral infections, both conditions being associated with substantial T lymphocyte expansion and hence telomere shortening. We documented telomere changes in granulocytes, T suppressors, T helpers and B cells after BMT and correlated the results with clinical parameters.
We recruited 45 healthy subjects (age range 2-65) for determining normal changes in mean terminal restriction fragment (TRF) length with age by Southern blot analysis. The peak intensity was taken as the mean telomere length of the sample. On linear regression analysis, the mean TRF length of peripheral blood leukocytes shortened by 39.6 bp per year in normal individuals. Subsequently, we recruited 21 donor and recipient pairs after BMT (n ϭ 16 for allogeneic BMT, n ϭ 5 for syngeneic BMT) to determine changes in telomere length in different white cell lineages. Granulocytes and mononuclear cells in peripheral blood were separated by Ficoll-Paque density gradient (Amersham Pharmacia Biotech, Uppsala, Sweden) and harvested separately. Lymphocyte subsets namely T helper cells (CD4 + ), T suppressor cells (CD8 + ) and B cells (CD19 + ) were then sorted from the mononuclear cell layer by immunomagnetic separation (CD4, CD8 and CD19 Cell Positive Isolation Kits with detachment; Dynal, Oslo, Norway). The purity of the lymphocyte subsets was generally >95% as confirmed by flow cytometric analysis. Documentation of chimerism in various lineages after sex mismatched BMT was performed by fluorescence in situ hybridisation (FISH) using probes specific for chromosomes X and Y (Vysis, Downers Grove, IL, USA) on cytospin preparations. In sex matched BMT, lineage chimerism was determined by amplification of variable number of tandem repeats (AmpFlSTR SGM Plus PCR Amplification Kit; PE Applied Biosystems, Foster City, CA, USA) on 10 loci including D3S1358, VWA, D16S539, D2S1338, D8S1179, D21S11, D18S51, D19S433, TH01 and FGA in accordance with the manufacturer's instructions. Out of 16 donor and recipient pairs after allogeneic BMT, 14 showed complete donor chimerism in all four lineages. Changes in telomere length was therefore determined in 19 donor and recipient pairs (n ϭ 14 for allogeneic BMT, n ϭ 5 for syngeneic BMT).
The mean TRF lengths Ϯ standard error (s.e.) of donor vs recipient in various lineages were granulocytes: 11.29 Ϯ 0.38 kb vs 10.82 Ϯ 0.43 kb, T suppressors: 11.54 Ϯ 0.36 kb vs 10.47 Ϯ 0.4 kb, T helpers: 10.98 Ϯ 0.26 kb vs 10.53 Ϯ 0.28 kb, and B cells: 12.38 Ϯ 0.32 kb vs 11.38 Ϯ 0.32 kb. Lineage-specific differences in telomere length and clinical parameters are tabulated in Table 1 . The degree of telomere shortening (mean difference in TRF length Ϯ s.e.) in different white cell lineages was variable and most pronounced in T suppressors (−1.07 Ϯ 0.38 kb), followed by B cells (−0.94 Ϯ 0.27 kb), granulocytes (−0.46 Ϯ 0.26 kb) and T helpers (−0.45 Ϯ 0.24 kb). When translated into the number of years of ageing, the corresponding results were T suppressors 27 Ϯ 9.6 years, B cells 23.7 Ϯ 6.8 years, granulocytes 11.6 Ϯ 6.8 years and T helpers 11.3 Ϯ 6.1 years. A lower cell dose correlated significantly with more telomere shortening in the T suppressor compartment (r ϭ 0.47, P ϭ 0.043), but not in the other lineages. There was no significant correlation between CFU-GM frequency and telomere shortening in any lineage. While the sample was small, the use of total body irradiation in the conditioning regimen had no significant effect on telomere length changes in all lineages. Interestingly, there was a significant difference between mean TRF length of allogeneic BMT pairs (−1.38 Ϯ 0.21 kb) and syngeneic BMT pairs (−0.23 Ϯ 0.21 kb) in the T suppressor compartment (unpaired ttest with Welch's correction, P ϭ 0.048) but not in other lineages. Acute graft-versus-host disease (GVHD) was encountered in 10 allograft recipients (grade I ϭ 5, grade II ϭ 3, grade III ϭ 2) and chronic GVHD in six recipients, including four with antecedent acute GVHD.
Our data showed more marked telomere shortening in T suppressor cells after allogeneic and syngeneic BMT when compared to B cells, granulocytes and T helper cells. The T suppressor compartment most probably contributes significantly to the measurable telomere shortening in total peripheral blood leukocytes in recipients of allogeneic BMT when compared with corresponding donors. When compared with the normal rate of telomere loss of 26 Ϯ 7 bp per year in CD8 + cells, 3 the rate of telomere loss after BMT (calculated as mean Ϯ s.e. of telomere change per year from data in Table 1 ) is increased to 380 Ϯ 110 bp/year. The negative correlation between cell dose and telomere loss in T suppressors observed in our study is also likely to be a reflection of the replicative stress. Finally, telomere shortening in T suppressor cells after syngeneic BMT in which no GVHD occurs is significantly less than that after allogeneic BMT. Taken together, our results suggest that telomere shortening in the T suppressor compartment after BMT is affected by cellular expansion in clinical Bone Marrow Transplantation Table 1 Lineage-specific differences in telomere length and clinical correlates 
